Data about processes and outcomes of preschool teacher education is scarce. This paper examines the opportunities to learn (OTL) of prospective preschool teachers (N ϭ 1,851) at different types and stages of preschool teacher education and their relation to general pedagogical knowledge (GPK), mathematics pedagogical content knowledge (MPCK), and mathematical content knowledge (MCK) with standardized tests. Process indicators in terms of OTL and outcome indicators in terms of knowledge varied substantially across teacher education types and stages. Controlling for preschool teachers' background, multilevel models revealed that OTL in general pedagogy and mathematics pedagogy provided during teacher education were significantly related to GPK and MPCK. Effect sizes reached up to 2 thirds of a standard deviation. OTL in mathematics pedagogy were in turn significantly related to the type of institution that offered a program in favor of pedagogical colleges compared with vocational schools. OTL were also significantly related to program stage in favor of the last year of preschool teacher education compared with the beginning. Process characteristics in terms of OTL mediated fully or partly structural characteristics of teacher education such as type of institution or program stage. These results suggest that the OTL provided are more important than whether prospective preschool teachers were at the beginning or the end of their program or whether they were prepared at vocational schools or pedagogical colleges (although entrance differences have still be taken into account). It may be an important responsibility of policymakers then to ensure that all prospective preschool teachers receive sufficient OTL.
This article shows that opportunities to learn general pedagogy and mathematics pedagogy by prospective preschool teachers during their teacher education program were related to their general pedagogical and mathematics pedagogical content knowledge. How many opportunities to learn prospective teachers received was in turn often related to the type and stage of a teacher education program in favor of pedagogical colleges when compared with vocational schools and in favor of the last year of preschool teacher education when compared with the beginning of their education. These findings provide important information to understanding how preschool teachers gain their professional knowledge, and these results can assist policymakers in deciding how to improve preschool teacher education. The results suggest that in particular opportunities to learn mathematics pedagogy provided during preschool teacher education may be more important for knowledge acquisition than more distal factors such as the type of institution where prospective teachers are prepared. This in turn suggest that it may be worthwhile to focus reforms of preschool teacher education more directly on opportunities to learn instead of on less direct structural changes.
Highlights -Standardized tests of prospective preschool teachers' knowledge were developed. -Objectivity, reliability and content, construct and criterion validity was confirmed. -Domain-specific opportunities to learn were strongly related to GPK and MPCK. -Type of teacher education institution and program stage were related to OTL. -Relation of teacher education structure to outcomes was partly mediated through processes.
Research on effects of preschool teacher education on prospective preschool teachers' knowledge and skills has so far mostly been restricted to distal indicators of teacher knowledge such as degrees or licensing (Whitebook, Gomby, Bellm, Sakai, & Kipris, 2009 ). The same applies to studies examining the opportunities to learn (OTL) of prospective preschool teachers, in the present paper defined as content coverage providing the chance to gain the knowledge and skills necessary to succeed with fostering the development of preschool-age children (i.e., 3 to 6 years of age). In most studies, OTL were operationalized through distal indicators such as the length or the type of a preschool teacher education program (Bogard, Traylor, & Takanishi, 2008) . Corresponding to the state of research on primary and secondary school teacher education (Abell Foundation, 2001; Darling-Hammond, 2000) , results from research on preschool teacher education have been contradictory. Whereas some studies have established significant relations between preschool teacher education and preschool teachers' knowledge and skills or long-term outcomes such as children's development (Burchinal, Cryer, Clifford, & Howes, 2002; Howes, Whitebook, & Phillips, 1992; Tout, Zaslow, & Berry, 2005; Whitebook et al., 2009 ), other studies have failed to establish relations (Early et al., 2007) .
Most authors agree that this unsatisfactory state of research is attributable to problems with the measures that have been used. Degrees and licenses but also program length and types are rather imprecise (i.e., unreliable) indicators of the knowledge and skills that preschool teachers gain during their education or the OTL they encounter during teacher education. The meanings of the distal indicators depend on the specific norms and practices applied in different teacher education institutions (Carroll, 1963) . Educational effectiveness research has revealed that the content that is covered (Berliner, 1985) and the time allocated to such OTL (Carroll, 1963) are at the core of teaching and learning (Travers & Westbury, 1989) . Standardized instruments for assessing preschool teacher educations' OTL and their outcomes in such a specific way are missing but urgently needed (Bogard et al., 2008; Early et al., 2007) .
Furthermore, there is no systematic framework that is able to define the structure of preschool teachers' knowledge and skills and conceptualize their dimensions in more detail. Nor is there a systematic framework beyond institution-specific curricula that conceptualizes the OTL offered during preschool teacher education. Such frameworks are therefore urgently needed as well. The distal indicators currently in use (e.g., degree or program length) are only rough approximations. They are not indicative of specific domains such as reading or mathematics, let alone sufficiently specific with respect to details within these domains.
State of Research
A summary of the state of research on the relation between preschool teacher education and teacher knowledge reveals substantial holes. Furthermore, because of the lack of a shared understanding of the construct "OTL" and the lack of standardized measures, different authors operationalize OTL differently which leads to some ambiguity in the following review as well.
A nationally representative U.S. study found that domainspecific OTL in mathematics, reading, or science are scarce during preschool teacher education because even at institutions of higher education, most programs focus on general pedagogical OTL (Early & Winton, 2001 ; see also Isenberg, 2000) . Linguistic and cultural diversity or the education of children with disabilities were additional blind spots (Lobman, Ryan, & McLaughlin, 2005) . In an analysis of preschool teachers' self-reports, another U.S. study correspondingly found that they did not feel sufficiently prepared to teach children with diverse backgrounds (Ryan, Ackerman, & Song, 2004) .
If one takes into account research on professional development (PD) after initial teacher education, a clearer picture emerges. Hamre et al. (2012) found substantial effect sizes in the relation between OTL offered to preschool teachers and their ability to perceive the classroom accurately as assessed with a standardized video test as well as between OTL and the teachers' ability to support children's literacy skills as assessed with a standardized test. Similar results were found by Pianta et al. (2014) . However, Piasta, Logan, Pelatti, Capps, and Petrill (2015) were able to provide evidence for PD effects on performance in preschools only in the domain of children's science learning but not in mathematics learning.
Thus, we have only initial evidence that OTL matter in that they are related to preschool teachers' knowledge and skills. Despite frequent pleas for more research on the specific effects of preschool teacher education on teacher characteristics with standardized and domain-specific measures (Early et al., 2007; Whitebook et al., 2009) , not many studies have undertaken this effort though. Whereas recently a large number of studies using direct, standardized, and domain-specific teacher assessments has been published on primary and secondary teacher education-confirming strong links between OTL during teacher education and teacher education outcomes in terms of prospective teachers' knowledge, which in turn predicted teaching performance and student achievement (Blömeke, Suhl, Kaiser, & Döhrmann, 2012; Tatto et al., 2012; Voss, Kunter, & Baumert, 2011) -preschool teacher education is still a "black box."
One particular blank spot exists with respect to the effectiveness of preschool teacher education below the tertiary level which applies to many developing countries but also to a range of Southern and Western European countries (Wallet, 2006) . Such programs do not take place at institutions of higher education but at postsecondary or secondary vocational school. Completion of high school is thus not necessarily a requirement for entering a preschool teacher education program.
In many countries, policy efforts have been undertaken to move preschool teacher education up to the tertiary level. A prominent example of this is the Head Start program in the U.S., which is directed toward providing high-quality preschools to low-income children. The program receives funding only on the condition that half of its preschool teachers hold a bachelor's degree (Bassok, 2012) . Graduates from Bachelor programs have thus become the main target population of preschool research (see, e.g., Early et al., 2007) . However, with a few exceptions such as some Scandinavian countries and some states in the U.S., preschool teachers with a degree below the tertiary level are still the majority in the U.S. (Bogard et al., 2008) and in many other countries, including Germany, which is the context of the present study.
To overcome the research gaps described above, the objective of this paper is to unpack the black box of "preschool teacher education" by examining the relation between domain-specific OTL This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
provided during preschool teacher education and domain-specific outcomes in terms of preschool teachers' knowledge while controlling for their background characteristics. All knowledge dimensions were assessed in a standardized way in a multicohort, multigroup design to be able to include prospective preschool teachers from different types of teacher education institutions. The instruments were developed on the basis of a conceptual framework derived from educational effectiveness research, which will be presented in this paper as well. We paid particular attention to differences between institutions of higher education that award a bachelor's degree to preschool teachers and vocational schools part of the secondary school level. How important it is to clarify the relation between preschool teacher education and teacher knowledge is demonstrated in studies that focused on the relation between this knowledge and the cognitive development of children. Early et al. (2006) found that preschool teachers with a bachelor's degree delivered higher mathematics-related instructional quality as indicated by standardized on-site observations and achieved stronger outcomes in a direct assessment of children's mathematical literacy than preschool teachers without such a degree. Preschool teachers' knowledge in mathematics, assessed directly with a standardized test, also significantly predicted their ability to perceive preschool situations appropriately and to perform instructional activities that support the development of children's mathematics literacy as assessed with a standardized video test (Dunekacke, Jenßen, & Blömeke, 2015a) . Evidence exists in other domains (e.g., reading literacy) as well (Connor, Morrison, & Slominski, 2006; Landry, Anthony, Swank, & Monseque-Bailey, 2009 ).
Preschool Teacher Education in the Context of Germany
Preschool education in Germany is voluntary and can be subdivided into institutions covering 1-to 3-year-olds and institutions covering 3-to 6-year-olds. Teachers of the latter represent the target population of this study. At this age, more than 90% of the children are enrolled at least part-time-mostly in morning sessions-although parents have to pay a small fee (Statistisches Bundesamt, 2014) . Preschools are typically run by local municipalities, churches (mostly Protestant or Catholic), or charity organizations, and some are organized privately with a special pedagogical profile. Preschools are not part of the school system but of the child and youth welfare system. They are therefore assigned to ministries of family affairs instead of ministries of education in the 16 German states so that there is more emphasis on care than on formal education.
Play-based activities represent the norm for teacher-child interactions (Liegle, 2008) . Preschools organize these activities either in fixed groups with one full-time preschool teacher (or equivalent part-time employees) assigned to about 10 children or in larger groups of variable sizes looked after by teams of preschool teachers. Because more and more evidence points to the relevance of child development before schooling for later student achievement (see, e.g., Duncan et al., 2007) , the belief that it is important to foster young children's cognitive development has increased in recent years-in particular with respect to 3-to 6-year-olds. All 16 German states have recently implemented standards for preschools that present ambitious cognitive objectives with respect to early reading, mathematics, and science literacy. This means that teachers have to use the informal context of preschool more often than before to foster these abilities. However, a systematic accountability system to support the achievement of these ambitious objectives does not yet exist.
Because of society's increased awareness of the relevance of preschool education, parents have recently earned the right to send their children to preschool beginning at age 1 when the paid parenthood leave ends. If a municipality is not able to offer such a child a spot in a preschool, parents are reimbursed for the private daycare costs that exceed the small fee they would have to pay for a spot in a regular preschool.
Preschool teachers are trained differently in the 16 German states. Typically, a two-tiered system exists. The majority of preschool teachers (more than 90%) are trained at vocational schools that provide teacher education on the secondary or postsecondary level. This means that the entrance requirement is not completion of high school but of 9 or 10 years of general schooling followed by 2 to 4 years of vocational training in a care profession (or a similar type of education). In parallel, there are also pedagogical colleges that are part of the higher education system and award a bachelor's degree. Fifty-six colleges existed at the time of our study in 2015. Students must have completed high school followed by a 6 to 12-month pedagogical internship to enter these colleges. Currently, only about 5% of preschool teachers have undergone this type of education, and the numbers are growing only slowly (Statistisches Bundesamt, 2014) . The 16 German states are responsible for the preschool teacher education curricula; the 56 pedagogical colleges have the academic freedom to design their curricula so that the training conditions vary substantially across Germany.
Conceptual Framework
To the best of our knowledge, there is no conceptual framework that specifically describes the structure of preschool teachers' knowledge. To avoid a purely operational definition, we therefore applied basic educational-psychological dimensions of primary teachers' knowledge to preschool teachers but operationalized these on the basis of research on 3 to 6-year-old children's development and learning. This approach ensured connectivity between subsequent educational stages (Anders, 2012 ) so that we could examine the specifics of each one.
Preschool Teachers' Knowledge
According to Shulman (1986) and Weinert (2001) , teacher knowledge is a multidimensional construct that includes general pedagogical knowledge, pedagogical content knowledge, and content knowledge. With respect to content, the present study was restricted to the domain of mathematics learning. Preschool teachers' knowledge then includes mathematics content knowledge (MCK), pedagogical content knowledge of how to foster mathematics learning in children between the ages of 3 and 6 (MPCK), and general pedagogical knowledge of how to organize the informal learning environment of preschool in general (GPK).
To define these dimensions in more detail, we conducted two systematic analyses of all preschool teacher education curricula from the 56 pedagogical colleges and the 16 federal states (for the vocational schools) as well as of all preschool standards impleThis document is copyrighted by the American Psychological Association or one of its allied publishers.
mented in the 16 federal states . Preschool standards set by the 16 German states were used to describe the objectives of preschool with respect to children's mathematical learning. Preschool teacher education curricula were used to describe the OTL in mathematics, mathematics pedagogy, and general pedagogy offered to prospective preschool teachers at the different institutions in the 16 states. Construct maps (Wilson, 2005) summarized the results of the systematic analyses of preschool teacher education curricula and standards in terms of subdimensions and specific descriptors. These were used to represent the range of pedagogical and mathematical OTL and preschool objectives. During test development, these descriptors were operationalized with items that were represented in the majority of standards and curricula and were also supported by the literature (for detailed results, see the Appendix). GPK includes general foundations from educational theory, psychology, and instructional research related to early childhood and learning processes of 3 to 6-year-olds (Blömeke, Jenßen, Dunekacke, Suhl, Grassmann, & Wedekind, 2015) . An OECD (2004) review of early childhood curricula in five countries revealed that the present framework is in alignment with discussions elsewhere. MPCK includes diagnosing children's developmental state in mathematics and designing an informal learning environment that fosters the mathematical learning of children between the ages of 3 and 6 (Dunekacke, Jenßen, & Blömeke, 2015b) . Again, this framework resembles discussions in other countries (NAEYC, 2009) . MCK includes numbers, sets, and operations; shape, space, and change; quantity, measurement, and relations; data, combinatorics, and chance (Dunekacke et al., 2015a) . Although developed in the national context of Germany, this framework also reflects discussions that are taking place elsewhere (Clements, Sarama, & DiBiase, 2004; National Research Council, 2009) .
To ensure that the tests also included different cognitive processes, a second framework was developed on the basis of cognitive psychology (Anderson & Krathwohl, 2001 ). On the one hand, the items had to assess the recalling, understanding, and applying of knowledge as well as the knowledge-based generation of strategies. On the other hand, they had to capture cognitive complexity in terms of the different numbers of cognitive steps necessary to solve an item as well as different types of problem representations (Embretson & Daniel, 2008) . The two frameworks, the alignment of frameworks and measures, as well as the inferences to be drawn from these measures, have been validated in a range of studies Dunekacke et al., 2015a Dunekacke et al., , 2015b Jenßen, Dunekacke, Eid, & Blömeke, 2015) .
OTL Provided During Preschool Teacher Education
Characteristics of preschool teacher education that potentially have an effect on prospective preschool teachers' GPK, MPCK, and MCK because of the differences in OTL provided, are the type of institution where a program takes place (in the present study: pedagogical college vs. vocational school) and the program stage (the beginning vs. end of a program). In samples of prospective primary and secondary teachers, there is evidence that these aspects of German teacher education matter in favor of longer programs-typically also requiring stronger entrance characteristics-on the one hand, and in favor of students at the end compared with students at the beginning of teacher education (Blömeke, Kaiser, & Lehmann, 2008; Kleickmann et al., 2013) . The sample of the present study will therefore be drawn according to these structural characteristics of preschool teacher education, and we will test corresponding hypotheses (see below H2a, b).
However, such structural characteristics of institutions are proxies rather than direct measures of the teaching and learning processes going on. According to educational effectiveness research, OTL in terms of the content that was covered has to be taken into account (Berliner, 1985; Carroll, 1963) . OTL reflect preschool teachers' chances to acquire GPK, MPCK, and MCK. OTL item development followed the same conceptual framework as applied for the three knowledge tests (see Appendix).
With respect to primary and secondary teacher education, evidence exists that such domain-specific proximal measures of teaching and learning processes are significantly related to outcomes (Blömeke, Suhl, & Kaiser, 2011; Blömeke et al., 2012; König, Blömeke, Paine, Schmidt, & Hsieh, 2011) . GPK was significantly related to OTL in general pedagogy, whereas OTL in mathematics were significantly related to MCK and MPCK. OTL in mathematics pedagogy were significantly related to MPCK only when MCK was not included. These results applied both to primary and to secondary teachers. The aim of the present study is to expand this state of research to prospective preschool teachers by testing corresponding hypotheses (see below H1a, b, c, d) .
Results from educational effectiveness research also revealed that in addition to examining such direct OTL effects on outcomes, indirect effects also need to be examined-for example, whether distal predictors such as structural characteristics of teacher education are mediated by proximal process indicators (see with respect to primary teachers Scheerens & Blömeke, 2016) . Such a hypothesis is applied to preschool teacher education in this study as well (see below H3).
Hypotheses

H1:
We hypothesized significant positive relations between different domain-specific process indicators of teaching and learning during preschool teacher education and corresponding teacher education outcomes. More specifically, we hypothesized that OTL in general pedagogy would have a stronger positive relation to GPK than OTL in mathematics pedagogy or in mathematics would (H1a). At the same time, we hypothesized that OTL in mathematics pedagogy would have a stronger positive relation to MPCK than OTL in general pedagogy or in mathematics would (H1b). Finally, we hypothesized that OTL in mathematics would have a stronger positive relation to MCK than OTL in general pedagogy or in mathematics pedagogy would (H1c).
Furthermore, we hypothesized that OTL would predict knowledge in a similar way in all subpopulations, which means technically that the relations would be invariant across prospective preschool teachers at pedagogical colleges and vocational school as well as across students at the beginning and at the end of teacher education (H1d).
H2:
We hypothesized that structural characteristics of preschool teacher education would significantly positively predict prospective preschool teachers' knowledge. More precisely, prospective preschool teachers from pedagogical colleges were hypothesized This document is copyrighted by the American Psychological Association or one of its allied publishers.
to have significantly higher MCK, MPCK, and GPK compared with students from vocational schools (H2a). In addition, we hypothesized that MCK, MPCK, and GPK would be higher at the end compared with the beginning of preschool teacher education in both institutions, indicating progress during a program (H2b).
H3: Finally, we tested a mediation model (see Figure 1 ). We hypothesized that the relations of structural teacher education characteristics-type of institution and program stage-to MCK, MPCK, and GPK would be at least partly if not fully mediated through process characteristics in terms of the respective domain-specific OTL.
Method Participants
The sample included 1,851 prospective preschool teachers from 86 classes in 44 teacher education institutions. Each class had between 6 and 82 students (M ϭ 21). The 44 institutions included 31 of 516 vocational schools in Germany with a total of 67 classes (M Stud/Class ϭ 20, SD ϭ 7.9, Range ϭ 6 to 46) and 13 of 56 German pedagogical colleges with a total of 19 classes (M Stud/ Class ϭ 25, SD ϭ 18.8, Range ϭ 6 to 82). From most institutions one class participated in the study but from a few vocational schools up to four classes participated.
The sample was drawn via personal contacts as a first step and by randomly contacting vocational schools and pedagogical colleges as a second step. Because preschool teacher education is the responsibility of the states in Germany, in this second step, care was taken to include all 16 states and to represent the larger states by including a larger number of schools from them than from the smaller states. Only a few institutions that we contacted were not willing to participate. Any institution that declined was replaced by another randomly drawn institution from the same state.
Because the relations of OTL to outcomes on the one hand and the differences between preschool teacher education at the secondary and higher education levels on the other hand were important research foci, we included four groups that were tested at the same time (see Table 1 ): prospective preschool teachers at the end and at the beginning of teacher education at institutions offering secondary education (vocational schools) and higher education (pedagogical colleges). Prospective preschool teachers in higher education were purposefully oversampled because otherwise the group would have been too small for scaling purposes given that it is a small minority of all prospective preschool teachers (about 5% only; Statistisches Bundesamt, 2014) .
The consent of test takers was obtained by pointing out before the assessment started that participation in the study was voluntary and that beginning to fill out the forms was taken as consent. Those who did not want to participate were given the opportunity to leave the room at that moment. The instructions included the additional information that every participant could leave the room at any time and that consent could be withdrawn at any time until the tests were collected. None of the participants used this option, but it is possible that a small number of students did not come to school on the day of testing because they may have heard about it beforehand. Table 2 provides an overview of the sample's major characteristics.
The descriptive statistics were in line with our expectations and the demographics of the target population. The teachers in our sample who were at the end of preschool teacher education were 2 (vocational schools) or 4 (pedagogical colleges) years older than those who were at the beginning. Female teachers represented the majority in all four subgroups, and teachers' language background was almost always German. The biggest differences between the subsamples existed with respect to the two indicators of prior knowledge (school degree and number of years of mathematics in school) and the two indicators of socioeconomic background (mother's education and number of books at home). On each of the four indicators, the participants from vocational schools were at a disadvantage compared with the higher education students. The latter group reflects the average of the corresponding age group in the German population overall with respect to mother's education (Statistisches Bundesamt, 2010, p. 26) .
Measures
Preschool teacher education outcomes: GPK, MPCK, and MCK. Test development was applied according to the conceptual framework described (for details, see the Appendix). A large item pool (n ϭ 117) was developed in a joint effort between academic and practical experts from preschool mathematics, mathematics pedagogy, and general pedagogy. Item selection was ap- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
plied on the basis of a series of cognitive labs and unstandardized prepilot studies as well as on the basis of standardized pilot (n ϭ 454 prospective preschool teachers) and validation studies (n ϭ 354 prospective preschool teachers; for results, see Dunekacke et al., 2015a Dunekacke et al., , 2015b Jenßen, Dunekacke, Eid, et al., 2015) as well as on the basis of conceptual considerations (American Educational Research Association, American Psychological Association, & National Council on Measurement in Education, 2014). The three resulting knowledge tests consisted of multiple-choice, bundled, and open-response items. In all cases, gender-neutral language was used to reduce the risk of stereotype threats (Cadinu, Maass, Rosabianca, & Kiesner, 2005) and the language level was kept relatively simple to reduce bias that would favor students at pedagogical colleges. The assessment of prospective preschool teachers' MCK consisted of 24 items that covered the four subdimensions numbers, sets, and operations; shape, space, and change; quantity, measurement, and relations; data, combinatorics, and chance as confirmed by expert validation (Dunekacke et al., 2015a) . Open responses (including drawing figures and finishing tables or formulas) were required for 14 items, whereas 10 were multiple-choice items. These data resulted in 24 dichotomous items that were used to create the MCK score.
1 Score reliability was estimated according to Raykov, Dimitrov, and Asparouhov (2010) and was good (⌹␥ ϭ .88). Figure 2 presents an example item (for scientific purposes, access to the full instrument can be granted by the first author of this paper; all items were administered in German, those displayed in the following were translated into English for the purposes of this publication).
The MPCK assessment consisted of 28 items that covered diagnosing children's developmental state in mathematics and designing an informal learning environment that fosters the mathematical learning of children between the ages of 3 and 6 (Dunekacke et al., 2015b) . Open responses were required by five items, whereas 23 were multiple-choice or bundled items. All items were scored dichotomously right or wrong so that the resulting MPCK score consisted of 28 items. Score reliability was good (⌹␥ ϭ .87). Figure 3 presents an example item.
The assessment of GPK consisted of 18 items that covered general foundations from educational theory, psychology, and instructional research . Open responses were required by three items, whereas 15 were multiple-choice or bundled items. The information from these items was used to create 18 dichotomous items. Score reliability was lower than for the other two knowledge constructs but still sufficient (⌹␥ ϭ .68). An example item is displayed in Figure 4 .
Psychometric properties of the knowledge tests. To ensure sufficient objectivity in the implementation of the assessments, all procedures such as the timing or use of materials were prescribed in a manual, and administrators of the assessments were trained in a standardized way according to it. Evaluation objectivity was ensured by developing a codebook that described precisely how to code open-ended answers according to their content and which codes to evaluate as correct (1) Cohen, 1960; Yule, 1912) .
The content validity of the three knowledge tests was confirmed in a standardized procedure by an expert panel. The experts evaluated each single item as well as the entire tests on their representativeness of the respective constructs and their power to predict and explain differences in response behavior of prospective preschool teachers .
1 Separate subscores for each subdimension were not estimated because the distinction between these served merely conceptual purposes in the context of test development. Figure 2 . Example item from the MCK test (translated). This document is copyrighted by the American Psychological Association or one of its allied publishers.
Factorial validity of inferences drawn from the knowledge test results was confirmed with different samples from the pilot and validation studies by comparing the fit of a three-and a onedimensional model to the data. The data revealed a better fit of the three-dimensional model. Although all three knowledge dimensions were significantly positively related with each other as hypothesized, it was still possible-again as hypothesized-to distinguish them empirically (Jenßen, Dunekacke, Baack, et al., 2015) .
With the large present sample, it was in addition possible to carry out multiple-group confirmatory factor analysis (MG-CFA; Jöreskog, 1971) which means that each dimensional model was estimated in parallel within the four subsamples-prospective preschool teachers at the end and at the beginning of teacher education and this at secondary education and at higher education institutions thus also accounting for the oversampling of the latter. Future teachers represented the first level, and classes represented the second level in these models (two-level CFA mixture modeling using the known-class and cluster options implemented in MPlus 7.3; Muthén & Muthén, 2014) .
Results supported the notion of preschool teachers' knowledge as a three-dimensional construct with latent correlations varying from .62 to .92. As hypothesized, the relation between GPK and MCK was the lowest, whereas the strongest relation existed between GPK and MPCK. However, given this strong relation a more parsimonious solution was estimated for exploratory reasons with two dimensions that unified the two latter. This model revealed a similarly good model fit as the three-dimensional model, which indicates that it may not be possible to distinguish GPK and MPCK empirically (see Table 3 ; Blömeke et al., 2015) . Because such a two-dimensional model of preschool teacher knowledge has not yet been replicated with an independent sample and because the OTL provided during teacher education revealed a clear-cut three-dimensional structure (see below), the present study was carried out by applying such three-dimensional models.
Convergent and discriminant validity of the inferences drawn from the knowledge test results were supported in relation to school marks based on data from the present sample. The better a prospective preschool teacher was in mathematics at school, the higher the teacher's MCK and MPCK scores were (␤ ϭ .21 or ␤ ϭ .11, respectively). By contrast, no significant relation existed between school mathematics and GPK .
Metric measurement invariance of the three knowledge tests was confirmed across the four different subgroups of the present sample of prospective preschool teacher education students at the beginning or the end of their program at vocational schools or pedagogical colleges as well as across students of different genders or with different language backgrounds (see Table 4 ; . This means that it was possible to compare relations between constructs across these groups.
The criterion validity of inferences drawn from the test results in terms of their relation to performance was supported by data from an earlier sample. MCK and MPCK were direct predictors of prospective preschool teachers' abilities to perceive teacherchildren interactions in preschool (␤ direct ϭ .45 or ␤ direct ϭ .60, respectively) and were indirect predictors, mediated through perception skills, of their abilities to plan actions that foster children's mathematical development (␤ indirect ϭ .43 or ␤ indirect ϭ .58, respectively) demonstrated in a video-based assessment that showed typical preschool situations (Dunekacke et al., 2015a (Dunekacke et al., , 2015b .
As hypothesized on the basis of Ma (1999) , an application of latent-state-trait models to an earlier sample revealed that the Some children in your group are playing a strategy game. When they are done, you talk to those who lost and you inquire about their reasoning about why they lost.
Child A: "I was just unlucky." Child B: "I was not that interested in the game." Child C: "I do not understand this type of game."
Which child provides a reason that is particularly unfavorable from a motivational point of view?
Child ____
Figure 4. Example item from the GPK assessment (translated). This document is copyrighted by the American Psychological Association or one of its allied publishers.
different subdimensions of MCK and mathematics anxiety were negatively related (⌿ ϭ Ϫ.24; ⌿ ϭ Ϫ.38; Jenßen, Dunekacke, Eid et al., 2015) . Furthermore, MCK turned out to be stable enough over the course of 3 weeks to be regarded as a trait rather than a state. Classroom-level predictors. OTL are modeled on the class level because the teacher education institutions are in control of the content and materials they deliver to the prospective preschool teachers. These are assigned to classes that take largely the same OTL. Neither vocational schools nor pedagogical colleges offer substantial possibilities to choose between content topics.
The prospective preschool teachers reported their OTL in mathematics, mathematics pedagogy, and general pedagogy by rating the coverage of certain topics in each field on 4-point Likert scales (1 ϭ not at all, 4 ϭ intensely). The topics were derived from the conceptual framework described in detail in the Appendix. OTL scores represent average item scores so that 1.0 represents the lowest score possible, 4.0 the highest score, and 2.5 the neutral point. Scale reliability for the present sample was evaluated with Cronbach's alpha, and model fit was evaluated with absolute and relative goodness-of-fit statistics derived from a CFA of the three constructs: OTL in mathematics, mathematics pedagogy, and general pedagogy (Hu & Bentler, 1999 On the basis of an MG-CFA (see Table 5 ), factorial validity with respect to the hypothesized multidimensional structure of OTL was supported by the data. As indicated by the chi-square difference test and the difference in the information criteria reported, the three-dimensional model fit the data significantly better than the one-and the two-dimensional ones. In addition, the factor loadings of all but one item were above the critical threshold of .50 suggested in the literature (Dawis, 2000; Wheaton et al., 1977) , whereas this applied to only half of the items in the one-dimensional and to 11 of the items in the twodimensional models. Finally, the underlying factor significantly explained variance in the preschool teachers' response behavior of all items in the two-and the three-dimensional models, whereas this did not apply to four items in the one-dimensional model.
Control variables. All hypotheses were tested by controlling for the individual (level 1) background characteristics of prospec- Note. df ϭ degrees of freedom; ns ϭ non significant. Subgroups: Model 1 ϭ 4 groups (beginning or end of teacher education at vocational schools or colleges of education), Model 2 ϭ 2 groups (male, female teachers), Model 3 ϭ two groups (language always German, not always German); model comparisons: metric vs. configural, scalar vs. metric based on the Satorra-Bentler scaled chi-square difference test TRd implemented in Mplus using the MLR chi-square and the scaling correction factor (Bryant & Satorra, 2012 ). This document is copyrighted by the American Psychological Association or one of its allied publishers.
tive preschool teachers typically found to be predictive of educational outcomes such as gender, family background, and prior knowledge (Blömeke et al., 2012; Klusmann, Kunter, Voss, & Baumert, 2012; Rowan, Correnti, & Miller, 2002; Teddlie & Reynolds, 2000) . Gender was coded dichotomously (0 ϭ female, 1 ϭ male). The language spoken at home as a first indicator of family background was assessed by using a 4-point Likert scale ranging from never speaking German at home through always. We dichotomized this scale for further analyses into always (1) versus the other categories (0) to make up for the skewed distribution (see Table 2 ). Mother's education as a second indicator of family background was measured on a scale that represented eight educational levels (below lower secondary through PhD). Because of the skewed distribution, it was also dichotomized into a category that included at least a high-school degree (1) versus the lower categories (0). Prior knowledge was assessed with self-reports of participants' most recent marks (class grades based on exams) in school mathematics and German as indicators, which have been shown to be valid indicators of prior knowledge in earlier studies (Blömeke et al., 2012) . All background characteristics were introduced simultaneously on level 1 into the models.
Study Design and Scaling
Participants had 90 min to work on the instruments during the teacher education class they were enrolled in at the time the study was carried out. The instruments were presented in a paper-andpencil format. We used six test booklets that were randomly distributed in each classroom. Each booklet started with background and OTL variables before the knowledge items followed in a multimatrix design. The items from each knowledge dimension (i.e., MCK, MPCK, and GPK) were distributed across five blocks (A1, A2, B, C, D) in such a way that each dimension was represented in each block, and the item difficulty of each block was the same on average according to the item difficulty estimates from the pilot studies. The blocks were distributed across the six test booklets so that A1 and A2 were represented in each booklet, whereas B, C, and D were randomly assigned. The blocks were then rotated in such a way that their sequence varied systematically.
To scale the knowledge test data, we applied the so-called Birnbaum model, a 2-parameter logistic item response theory (IRT) model that estimates not only item difficulties but also item discrimination parameters (Andrich, 2004) . 2 The common items from Blocks A1 and A2 served as anchor items. The four subgroups from our sample were defined to have equal weights in the scaling process so that the characteristics of one group could not dominate the results. Missing values attributable to the booklet design of the tests could be regarded as missing completely at random and therefore did not introduce bias (Rubin, 1976) . Missing values on items that were skipped or not reached were coded as missing at random (Pohl, Gräfe, & Rose, 2014) . The proportion of the two latter types of missing values was low on all measures with a range of less than 1% to slightly above 4%. These missing values were included in the model estimation in a model-based iterative process by applying the full-information-maximumlikelihood (FIML) method, which uses all information available and is least prone to bias (Lüdtke, Robitzsch, Trautwein, & Köller, 2007) . The resulting person estimates were transformed into a mean of 50 and a standard deviation of 10 to facilitate interpretation.
Data Analysis
The data were gathered in a multilevel structure with prospective preschool teachers (individual level, Level 1) nested in teacher education classes (classroom level, Level 2). Therefore, two-level structural equation modeling (SEM) was applied to test all hypotheses except H1d which was tested in a two-level confirmatory factor analysis (CFA) where the fit of models with fixed versus freely estimated covariances between OTL and knowledge in the four subgroups was compared. The intraclass correlations of .18 (GPK), .19 (MPCK), and .15 (MCK) indicated larger homogeneity within classrooms than if the prospective preschool teachers had been drawn randomly, thus justifying the multilevel approach. Explicitly modeling the cluster structure offers several advantages. First, statistically efficient estimates of regression coefficients and correct standard errors are obtained (Hox, 2002) . Second, and this was important in the context of this paper, covariates at any level of the hierarchy can be used, and this makes it possible to examine the extent to which differences in achievement could be predicted by OTL or structural characteristics of preschool teacher education as class-level variables while controlling for individual preschool teachers' background. The individual-level variables were introduced by grand-mean centering (Snijders & Bosker, 2012) .
In a few teacher education institutions up to four classes took part in the study which means that there may be some shared variance at the third (school) level. However, sample size was not Note. OTL ϭ opportunities to learn; AIC ϭ Akaike information criterion; BIC ϭ Bayesian information criterion; BIC adj ϭ sample-size adjusted Bayesian information criterion; # items a) ϭ # of items with standardized factor loadings Ն .50; # items b) ϭ # of items where the variance was not significantly explained by the underlying latent variable. Chi-square difference test: 2 (5) 1_2 ϭ 1,123.9, p Ͻ .001; 2 (7) 2_3 ϭ 616.9, p Ͻ .001; 2 (12) 1_3 ϭ 1,740.8, p Ͻ .001. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. sufficient to take this third level into account because variance on the second level would not have been sufficient with most institutions participating with only one class. Because the relations between predictors and outcomes might vary across subpopulations, a multiple-group structure was added to the two-level models, which means that all path coefficients were allowed to vary across all groups when testing the hypotheses. Within each subpopulation, it could reasonably be assumed that the relations played out in the same way, which means that slopes were fixed across classrooms. We applied a robust maximum-likelihood estimator that could take into account the nonindependence of observations due to cluster sampling and would result in the estimation of robust standard errors (Muthén & Muthén, 2014) . In all multilevel models, the EAP estimates obtained from the 2PL IRT scaling of MCK, MPCK, and GPK were used as manifest indicators to make these models less complex and identifiable.
In light of the sample size and the moderate complexity of most models, the 1% level of significance was used (with the exception of the more complex mediation model that tested H3 for which the 5% level was used). We report Cohen's d (1988) as the measure of effect sizes with respect to mean differences in predictors and outcomes between the four subgroups examined in this paper. Estimates larger than d ϭ 0.2 can be regarded as small, larger than d ϭ 0.5 as medium, and larger than d ϭ 0.8 as large effects. Differences in regression coefficients were tested for statistical significance based on Clogg, Petkova, and Haritou (1995) .
Results
Descriptive Statistics
OTL in mathematics and mathematics pedagogy were offered to a lower degree than OTL in general pedagogy, and these findings held at both institutions and at the beginning as well at the end of teacher education (see Table 6 ). The differences in OTL reported between the beginning and the end of teacher education had very large effect sizes as indicated by Cohen's d, and this held in all three domains. Prospective preschool teachers at vocational schools reported more OTL than their counterparts at pedagogical colleges at the beginning of their programs, particularly in general pedagogy. By contrast, prospective preschool teachers from pedagogical colleges reported an advantage in OTL in mathematics pedagogy at the end of their programs with a very large effect size.
GPK and MPCK differed significantly between vocational schools and pedagogical colleges in favor of the latter (see Table  7 ), and this finding held at the beginning as well as at the end of teacher education. Effect sizes indicating the differences were larger at the end (d ϭ 0.74 or d ϭ 0.88, respectively) than at the beginning of the programs (d ϭ 0.31, d ϭ 0.50). Both groups of students had significantly more GPK and MPCK at the end of their teacher education, but again, these differences were larger at pedagogical colleges (around d ϭ 0.62) than at vocational schools (d ϭ 0.21 or d ϭ 0.32, respectively). MCK also differed substantially between vocational schools and pedagogical colleges in favor of the latter (around d ϭ 0.73) but not between the beginning and the end of teacher education.
Relations of Process Characteristics to Prospective Preschool Teachers' Knowledge (H1)
As hypothesized, OTL in general pedagogy had a significant relation to GPK (H1a). If prospective preschool teachers reported more OTL in general pedagogy, they scored higher on the GPK assessment, and this occurred at a rate of 4.8 test points for each 1-point increase on the OTL scale (see Table 8 ). This corresponds to about half of a standard deviation, which is a medium effect size. As hypothesized, the relation between OTL in general pedagogy and GPK was also significantly stronger than the nonsignificant relation between OTL in mathematics and GPK. However, in contrast to our hypothesis the significant relation between OTL in mathematics pedagogy and GPK did not differ significantly from the effect of OTL in general pedagogy. OTL in general pedagogy were not significantly related to MPCK or MCK.
As hypothesized, OTL in mathematics pedagogy were strongly related to MPCK (H1b). The difference of 5.7 test points for a 1-point increase on the OTL scale represented about half a standard deviation and, thus, a medium effect size. As hypothesized, the relation was significantly stronger than the nonsignificant relation between OTL in mathematics and MPCK whereas it did not differ significantly from the relation between OTL in general pedagogy and MPCK. OTL in mathematics pedagogy were also significantly related to MCK and GPK, each time with small effect sizes of about 4 more test points for a 1-point increase on the OTL scale.
In contrast to H1c, OTL in mathematics did not have a significant relation to MCK. Only OTL in mathematics pedagogy were significantly related to this knowledge dimension. Note. OTL ϭ opportunities to learn; M ϭ mean; SD ϭ standard deviation. Estimates were based on t tests of mean differences for independent samples. ‫ء‬ p Ͻ .01. This document is copyrighted by the American Psychological Association or one of its allied publishers.
The relations between OTL and the knowledge indicators played out the same way across all four subgroups, no matter whether the prospective preschool teachers were trained at vocational schools or in higher education or whether students were at the beginning or the end of their teacher education (H1d; see Table  9 ). Technically speaking, this means that freeing up the covariances between OTL and knowledge in the respective subgroups did not significantly improve the fit of the multiple-group model; Satorra-Bentler-scaled chi-square difference test (TRd):
2 (8) ϭ 3.7, 9.0, or 4.9, respectively.
Relations of Structural Preschool Teacher Education Characteristics and Knowledge Outcomes (H2)
The hypothesis that the structural characteristics of preschool teacher education would predict prospective preschool teachers' knowledge was supported by the data (H2). The effect sizes were up to two thirds of a standard deviation (see Table 10 ). This applied to differential relations of types of institutions (H2a). Prospective preschool teachers from pedagogical colleges achieved significantly higher test scores than students from vocational schools, and this finding held with respect to GPK (ϩ5.4), MPCK (ϩ6.6), and MCK (ϩ7.0).
The relations of the program stages were significant for GPK and MPCK. The knowledge in these two dimensions was higher at the end than at the beginning of preschool teacher education (H2b). The difference of about 3 test points corresponds to a small effect size. However, in contrast to our hypothesis, MCK was not higher at the end of preschool teacher education than it was at the beginning.
Mediation Models: Relations of Structure and Process to Knowledge (H3)
The relations of the structural preschool teacher education characteristics "type of institution" and "program stage" to GPK, MPCK, and MCK were hypothesized to be at least partly mediated through the respective domain-specific OTL (H3). The data supported this hypothesis with respect to program stage and all knowledge indicators as well as with respect to type of institution and MPCK. In contrast, the data did not support this hypothesis with respect to type of institution and GPK or MCK (see Figure 5 ). These unexpected findings suggest direct paths rather than indirect ones. The individual-level variables of gender, family background, and prior knowledge were controlled for in all three two-level models.
With respect to program stage, no significant direct relations to GPK, MPCK, or MCK existed any longer once the respective domain-specific OTL were included. The three knowledge indicators significantly depended on the extent to which OTL were provided in general pedagogy, mathematics pedagogy, or mathematics, which in turn significantly depended on whether the prospective preschool teachers were at the beginning or the end of their training (in favor of the latter). The additional indirect relation of this mediation of structure through process was significant for GPK and MPCK but not for MCK.
The picture differed with respect to the type of institution that provided preschool teacher education. In the case of MPCK was the relation of this structural characteristic partly mediated by OTL as a process characteristic. In addition to a significant direct relation of the type of institution to MPCK in favor of pedagogical colleges, a significant indirect relation existed. The OTL score in mathematics pedagogy was significantly related to MPCK, and this score in turn depended significantly on the type of institution (again in favor of pedagogical colleges).
By contrast, the type of institution did not matter significantly for how many OTL were offered in mathematics or in general pedagogy. So, in the cases of MCK and GPK, only significant direct relations of this structural characteristic to outcomes existed. The fit of all three mediation models was very good (GPK: CFI ϭ Note. GPK ϭ general pedagogical knowledge; MPCK ϭ mathematics pedagogical content knowledge; MCK ϭ mathematics content knowledge; OTL ϭ opportunities to learn. In all models, preschool teachers' gender, school marks in mathematics and German, language background, and mother's education were controlled for on the individual level. ‫ء‬ p Ͻ .001. This document is copyrighted by the American Psychological Association or one of its allied publishers.
.98; RMSEA ϭ .02; SRMR ϭ .01 for the within model and .00 for the between model; MPCK: CFI ϭ 1.00; RMSEA ϭ .00, SRMR ϭ .00 for the within and between models; MCK: CFI ϭ .99; RM-SEA ϭ .01; SRMR ϭ .01 for the within model and .00 for the between model).
Summary, Discussion, and Conclusions
Summary and Discussion
The relation of structural and process teacher education characteristics to outcomes was tested through multilevel modeling with 1,851 prospective preschool teachers nested in 86 classes from vocational schools and pedagogical colleges in Germany. Structural and process teacher education characteristics were modeled on the second level (classroom), whereas teacher background was controlled for on the first level (individual). The three knowledge indicators were modeled on both levels with data gathered through standardized and domain-specific testing, thus closing a much criticized gap in preschool research (Early et al., 2007; Whitebook et al., 2009) .
The descriptive statistics revealed that OTL in mathematics and mathematics pedagogy were offered less often during preschool teacher education than OTL in general pedagogy confirming that the traditional concept of stronger emphasis on care than on cognitive development (Liegle, 2008) is still shaping preschool teacher education in Germany (for similar results in the US see Isenberg, 2000) . This applied interestingly to programs at both types of institutions: vocational schools on the (post)secondary level and pedagogical colleges on the tertiary level-a result that may demonstrate that moving preschool teacher education up to the tertiary level alone may not be sufficient to change its nature. Prospective teachers from both types of institutions reported more OTL in general pedagogy already when they entered teacher education. This may go back to entrance requirements: the completion of vocational training in a care profession for vocational school students or a pedagogical internship for college students.
The data supported most but not all of our hypotheses. OTL in general pedagogy (H1a) and mathematics pedagogy (H1b) as well as types of institutions (H2a) and program stage (H2b) had significant relations to GPK or MPCK, respectively. Berliner's (1985) early call for a domain-specific perspective on teaching and learning contexts was thereby for the first time supported with respect to preschool teacher education in Germany.
The data also supported H3 that the effects of the distal structural preschool teacher education characteristics "type of institution" and "program stage" were partly mediated by OTL as proximal process characteristics. This applied in particular to program stage, and in the important case of MPCK, also to the type of institution. Process characteristics are obviously as crucial in the development of knowledge during preschool teacher education as structural characteristics. This result opens up for interesting con- Note. OTL ϭ opportunities to learn; GPK ϭ general pedagogical knowledge; MPCK ϭ mathematics pedagogical content knowledge; MCK ϭ mathematics content knowledge; LL ϭ log likelihood; # Par ϭ No. of parameters; BIC adj ϭ adjusted Bayesian information criterion. Equal ϭ covariances constrained to be equal in the four subgroups, free ϭ covariances estimated freely. Note. GPK ϭ general pedagogical knowledge; MPCK ϭ mathematics pedagogical content knowledge; MCK ϭ mathematics content knowledge. Type of institution: 0 ϭ vocational school, 1 ϭ pedagogical college; program stage: 0 ϭ beginning of teacher education, 1 ϭ end of teacher education. In both models, preschool teachers' gender, school marks in mathematics and German, language background, and mother's education were controlled for on the individual level. ‫ء‬ p Ͻ .01. Figure 5 . Mediation models of the relations between structural preschool teacher education characteristics, process characteristics, and outcomes (individual-level background variables are controlled for). OTL ϭ opportunities to learn; GPK ϭ general pedagogical knowledge; MPCK ϭ mathematics pedagogical content knowledge; MCK ϭ mathematics content knowledge. p Ͻ .05. This document is copyrighted by the American Psychological Association or one of its allied publishers.
clusions beyond just moving programs from the secondary to the tertiary level (see below). Outcomes of preschool teacher education in terms of GPK and MPCK already differed significantly at the beginning of the programs between vocational schools and pedagogical colleges in favor of the latter, which is probably an indicator of the stronger school credentials required by pedagogical colleges (graduation from high school instead of middle school). The differences between the beginning and the end of preschool teacher education were larger at pedagogical colleges than at vocational schools, a finding that can be interpreted as an indication of more OTL delivered during the longer programs at pedagogical colleges. Both results, the differences at the beginning and the differential development during teacher education, shed light on the much underresearched preschool teacher education below the tertiary level (Wallet, 2006) . They point to severe disadvantages of this group of prospective teachers compared with college students.
OTL in mathematics and MCK behaved differently compared with MPCK and GPK. In contrast to our hypotheses H1c and H2b, neither a significant difference in MCK existed between the beginning and the end of teacher education, indicating a lack of progress during the programs, nor was there a significant relation between OTL in mathematics and MCK. Only OTL in mathematics pedagogy were significantly related to MCK. It seems as if OTL in mathematics pedagogy were better able to support MCK development although the correlational nature of the data asks for caution here.
Given that the content validity of the MCK test was confirmed in standardized expert reviews , the learning of MCK during preschool teacher education needs more research. It may be the case that the high degree of math anxiety found in a different sample of prospective preschool teachers played out negatively (Jenßen, Dunekacke, Eid et al., 2015) or that the more applied nature of mathematics in mathematics pedagogy OTL facilitated the acquisition of MCK for this group of teachers. If the latter result can be replicated, it has implications for preschool teacher education design and further research. In contrast to primary or secondary teachers where OTL in mathematics played a crucial role and MCK turned out to be a necessary prerequisite for MPCK (Blömeke et al., 2012; Tatto et al., 2012) , the findings of the present study suggest that OTL in mathematics pedagogy may be more beneficial for acquiring MCK rather than OTL in mathematics.
This would be a unique result that distinguishes prospective preschool teachers from others. MPCK may build more appropriately on preschool teachers' prior knowledge because students come into the programs with more experience in general pedagogy. Learning typically happens through connecting new information to prior knowledge (Carroll, 1963) . OTL in mathematics pedagogy may elicit teachers' prior knowledge and help them to make connections to new knowledge, thus serving as a bridge and therefore being an effective instructional approach.
Before conclusions are drawn from these results and interpretations, some methodological limitations of the study need to be pointed out. Institutions provide a set of intertwined organizational and pedagogical characteristics (Tinto, 1998) so that other characteristics than those examined here could be causal (e.g., climate or composition effects). It is not possible to disentangle such effects in a correlational study. Furthermore, the fuzzy notion of "OTL" which has been defined in different ways in educational research leads to a lot of noise in the state of research. The results would therefore be substantially strengthened if they were replicated with other samples. Other researchers in the field are requested to apply the OTL measures and knowledge tests in further samples, in particular in other countries, or to develop new measures based on the same construct definitions so that crossvalidations can take place. This is necessary to avoid acting too quickly on the basis of one study that was conducted in only one national context.
Conclusions
Given the small amount of OTL offered in mathematics pedagogy as indicated by the descriptive statistics, the findings presented in this paper have to be of concern with respect to fostering children's mathematics literacy (Duncan et al., 2007; Reynolds, 1995) . Even though preschool standards require preschool teachers to achieve ambitious objectives , prospective teachers do not seem to receive sufficient OTL. Because of the interdisciplinary nature of MPCK as an amalgam of MCK and GPK (Shulman, 1986) , this dimension of knowledge seems to be crucial for the development of teacher knowledge in general. The significant relation between OTL in mathematics pedagogy and outcomes indicates that it may be worthwhile to increase the number of OTL in this domain, particularly at vocational schools (Janssen, 2010) .
Note that the conclusion that more OTL should be provided differs from a request to train all preschool teachers at the higher education level. The finding that processes mediate structural characteristics may open up new ways of thinking in this context. If it is OTL that count, these can also be provided at vocational schools. However, differential intake characteristics have still to be taken into account. Furthermore, the colleges have the advantage that their preschool teacher education program lasts for 4 years instead of only 2, thus providing more teaching time to prepare preschool teachers for all the tasks they have to cover. The question of how to provide the higher costs coming with longer preschool teacher education has to be taken into account in this context, too.
Besides such policy-related conclusions, a broad range of research needs can be derived from the present study. Future studies should address mediations through cross-domain OTL in particular with respect to mathematics pedagogy and general pedagogy. Furthermore, it needs to be examined how preschool teachers knowledge base is transformed into job performance because ultimately preschool teacher education is designed to support high quality teaching in preschool and child development. Not many studies have taken on examining such long-term effects of teacher education because this needs sophisticated designs and standardized observation protocols or video-based measures of teaching skills. Although difficult to implement, such research would provide urgently needed information on how to structure preschool teacher education so that prospective teachers acquire an appropriate knowledge and skill base to succeed in their job.
